ABSTRACT Vertical distributions of marlne particle-grazers and then food were measured to examine whether the vertical d~stnbution of food quallty was distinct from that of food quantity In a related paper (Napp et a1 1988) we examine the vertlcal distnbution of part~cle-grazers in relation to the d~stributlons of food quality and food quanbty Dunng an Apnl cruise In the Southern Callfornla Bight there were no differences in the size spectra of food particles between the plant b~o m a s s maxlmum and the reglon of lower food quantity above it The specles assemblage of microplankton near the surface was more pred~ctable than that at the mlcroplankton blomass maxlmum, and was distlnct from it Species known to be noxlous or distasteful to copepods were not members of either assemblage The seston at both surface and depth contalned unequal proportions ot carbohydrate, protein, and hpid Particulate nltrogen (and proteln) per unit carbon was highest at the microplankton blon~ass maxlmum, partlculate carbohydrate per unit carbon was highest near the surface Our data provided no obvious reason why particle-grazers m~g h t benefit from iesiding and feedlng outslde the mlcroplankton biomass mammum
INTRODUCTION
Marlne, particle-grazing zooplankton are thought to live In a nutlitionally dilute environment (Conover 1968) Thus, the growth and reproductive success of lnd~vlduals is determined by their ability to locate anomalous patches of plentiful food (e g Anderson et a1 1972 , Mulhn & Brooks 1976 , Hakanson 1987 , Lasker 1975 for ichthyoplankton) and survivorship is determined by thelr ablllty to avoid both starvation and predation It is assumed to be difficult, however, for zooplankton to locate such food-rich patches due to their ephemeral existence, wind-dnven mlxlng and turbulence constantly oppose biological aggregation mechanisms to disperse and destroy the patches (e g l e r s t e a d & Slobodkn 1953) -. There is one feature in the oceans, the subsurface chlorophyll a maximum, which seems to be semi-permanent and is often a maximum of phytoplankton biomass (Cullen 1982) ; this feature is assumed to be food-rich for the herbivorous zooplankton. For this feature to exist, the grazing pressure on it must be less than the light-limited cell growth and contributions due to cells sinking from above (Jamart et al. 1977 , Herman & Platt 1983 . The particle-grazer biomass maximum does not appear to be coincident with the subsurface chlorophyll a maximum, but is located shallower, somewhere nearer the depth where the production of plant carbon is greatest (Longhurst 1976 , H e m a n et , Fiedler 1983 , Roman et al. 1986 cf. Ortner et al. 1980 ). Feeding also is probably not confined to the chlorophyll a maximum; the gut fullness (pigment content) of individual copepods is poorly correlated with the vertical distnbution of chlorophyll a (Dagg & Wyman 1983 , Mullin et al. 1985 . Thus we are left with a paradox: if food limits individual growth and reproduction, why do particle-grazers reside and apparently feed above the depth where phytoplankton is relatively more abundant?
Dedicated to the memory of Abraham Flemmger
One hypothesis is that food quality is as important as food quantity, and that food is of higher quality in shallower layers. Our goal was to examine the vertical distribution of the food items thought to be important to particle-grazing zooplankton -more specifically to compare the size distribution, species composition, and biochemical attributes of the particulate matter in the plant biomass maximum and in the region above itwhere specific growth rates are usually higher. The significance of any differences (if they exist) can then be interpreted using recent knowledge of zooplankton growth and behaviorin an attempt to explain why zooplanktonmight not aggregate in a region of locally elevated food concentration. In the companion paper (Napp et al. 1988) we examine the vertical distribution of particle grazers in relation to the distributions of food quality and quantity.
METHODS
Sampling was accomplished during 1 wk in April (23 to 28, 1985, 'Eumenides 111' cruise) in the Southern California Bight, ca 17 km from the coast in 550 to 790 m of water (Fig. 1) . Twelve continuous-depth profiles of temperature, conductivity, pressure, and in vivo fluorescence were obtained with a Neil Brown CTD/ rosette system to which a Sea Martek fluorometer was attached. Three profiles were obtained each day for the first 2 d ; thereafter 2 profiles (morning and night) were sampled each day, weather permitting. Water samples from discrete depths were also obtained through a 10cm (ID) plastic pump hose attached to a Honda centrifugal pump (Model WA30). The hose intake was Fig. 1 Station locations for 'Eurnenides 111'. All vert~cal profiles were sampled from t.he area contained within the square. except for 2 profiles, 6 a n d 9, whose locations are marked. All depths reported in fathoms (1 fathom = 1.83m). L.A. and S.D.
are Los Angeles and San Diego, California, respectively clamped to the rosette. Most of the water (ca 6001 min-l) was filtered through a 53 pm mesh zooplankton net, but a small fraction of the stream was diverted to fill 1 or 2 plastic carboys from which all subsamples of the seston were drawn. Supplementary samples were obtained with 51 Niskin bottles. No differences were found in measurements of primary production, extracted chlorophylla, particulate carbon and nitrogen or microplankton carbon between samples collected with the pump and 51 Niskin bottles. Discretedepth measurements of light were made with a Biospherical Instruments (Model #QSP 170BR) submarine quantum scaler irradiance meter attached to the rosette. A reference irradiance meter was attached to the ship's superstructure. The CTD/rosette system was slowly lowered through the water beyond the depth of the euphotic zone. Based on the continuous profiles of fluorescence and discrete measurements of submarine light and daily insolation, the depth bf the primary productivity maximum was predicted using a linear equation (Napp 1987) , and 10 sampling depths were then chosen to span the euphotic zone. The depths of the fluorescence maximum, the predicted depth of the primary productivity maximum, and depths where the temperature profile changed abruptly were always included among the 10 depths. Three methods were used to confirm that our discrete depth pump samples were not aliased by internal waves moving past the bobbing hose intake (Napp 1986) . In a small number of instances samples overlapped and the 2 discrete depth samples were considered not independent.
Primary productivity was calculated from the incorporation of 14C-bicarbonate by plant cells incubated in situ for 24 h (Eppley et al. 1979) . Duplicate bottles were prepared for each depth from the morning pump cast. On one occasion 4 bottles per depth were incubated; the contents of 2 bottles were filtered through GF/C filters (1.2 pm nominal pore size), the contents of the other 2 bottles were filtered through Nuclepore 3 pm filters. Phytoplankton growth rates (/I; doublings dCL) were calculated as
where phytoplankton carbon was calculated from phytoplankton abundance and volume (see below, Cullen & Eppley 1981) .
Chlorophyll a and phaeopigments were extracted in cold, 90 % acetone for 24 h in the dark from the particulate matter retained on Whatman GF/C filters and were determined fluorometncally (Stnckland & Parsons 1968) . Continuous depth profiles of in vivo fluorescence were transformed into profiles of extracted chlorophylla using a transfer function. The function is the best least-squares fit of the mean fluorescence (F) dur-ing the pumping at each depth to the discrete extracted chlorophyll a sample (Chl) obtained at the same depth (Chl = 0.132 Exp[0.003 F]; n = 83, = 0.90).
At 4 of the 10 depths sampled by pump, triplicate subsamples of particulate carbon and nltrogen were obtained, and a single subsample was taken at each of the remaining 6 depths. The water was filtered through precombusted Whatman GF/C filters, which were stored frozen until analysis by gas chromatography using a Hewlitt-Packard model 185B CHN analyzer (Sharp 1974 , Eppley et al. 1979 .
Subsamples for particulate carbohydrate (4 per depth), protein (3 per depth), and lipid (4 per depth) were obtained at 4 of the 10 depths sampled using Whatman GF/C filters. Total carbohydrate was determined after hydrolysis of the seston (80 % concentrated H2SO4 for > 16 h; Dubois et al. 1956 ). Total protein was determined using the Biuret-Folin procedure (Dorsey et al. 1977) and was standardized against bovine serum albumin (Sigma Chemicals). The analytical precision of this technique was greater than that for the determination of carbohydrate or lipid, hence less replication was required. Lipids were first extracted in an acidified chloroform: methanol (1 : 2) solution (Dubinsky & Aaronson 1979) . After separation, isolation, and evaporation of the lipid-containing solvent, the amount of lipid was determined after oxidation by potassium dichromate (Pande et al. 1963) . Palmitic acid (Sigma Chemical) was chosen as the standard after determining that the method did not respond differentially to equivalent amounts of stearic acid, cholesterol, or palmitic acid.
A subsample of the water was also preserved in 2 O/O buffered formalin for microscopical analysis. Plant cells and microzooplankton, 2 to 200 pm (hereafter referred to as microplankton), were identified and enumerated, and the resultant counts were converted to biomass using a volume-to-carbon equivalence (Strathmann 1967 , Reid 1983 .
RESULTS

General description
Returning to the same station for each cast, we sampled from surface waters which were flowing past us, usually in a southeasterly direction. Thus the daily changes in the physical and biological properties of the water column were due to both local and advective processes.
The subsurface chlorophyll a maximum was usually found within or just below the main density discontinuity (indicated by the depth of the maximum Brunt- CHLOROPHYLL 2 ( p g 1. ' ) Vaisala frequency; Figs. 2 to 6). However, that depth centration gradient between the surface and the sub-(and isopycnal) varied during the cruise. The maximum surface maximum was steep.
concentration of chlorophyll a increased from 1.6 to 2.4 The vertical distribution of primary production was pg l-' during the week. The degree of stratification of usually maximal just above the subsurface chlorophyll chlorophyll a also varied, though in general, the conmaximum ( was also usually the greatest in the waters above the chlorophyll a maximum. In addition, a large fraction of the primary production occurred in cells which may have been too small ( < 3 pm) to be used effectively as food by many meso-and macrozooplankton (Fig.5, Cast 12) .
Concordance between biomass indices
It is important to be able to distinguish regions of high from low microplankton biomass (food for the particle-grazers). Chlorophyll a is not produced in strict proportion to plant biomass, and the microplankton is composed of microzooplankton as well as phytoplankton. Chemical measurement of total particulate matter (seston) includes non-living detritus as well as plankton. Thus it is necessary to compare several indirect indices of microplankton biomass for agreement. During 'Eumenides III', the depth with the largest quantity of chlorophyll a also had the greatest measurable quantity of part~culate carbon and nitrogen about 2/3 of the time (Fig.? ). However, a difference between profiles in the concentration of pigment at the chlorophyll a maximum did not result in a proportional change in the concentration of particulate carbon and nitrogen, as the concentrations of chlorophyll, particulate carbon and nitrogen at the chlorophyll a maximum were not concordant from cast-to-cast (Kendall's W= 0.53, 0.05 < p < 0.10). However the vertical distributions of particulate carbon, measured at different times, were concordant when the data from each cast were ranked according to the vertical distribution of chlorophyll a in that cast (n = 9 profiles, Kendall's W = 0.40, p e 0 . 0 1 ) . Thus the vertical distribution of particulate carbon is in consistent agreement with itself with respect to the chlorophyll a profdes. The same was true for particulate nitrogen (n = 9, W= 56, p e 0 . 0 1 ) , but not primary productivity ( n = 3, W = 0.21, p>0.20). ND ND a Rates from a previous cast where primary productivity was measured along the same isopycnal
Microplankton carbon
Enumeration of microplankton is laborious, so we obtained estimates of microplankton carbon at only 2 or 3 depths for each of 7 profiles. Within each profile, a sample from the chlorophyll a maximum and one from above that feature were chosen for analysis. The latter samples often came from a region of higher primary production and higher phytoplankton growth rate (Table 1) .
Overall, the concentration of microplankton was significantly higher at the depth of the chlorophyll a maximum than at a shallower depth (Signed Ranks, n = 7, p = 0.02) and most of the microplankton biomass was phytoplankton biomass. Thus the chlorophyll a maximum was a site of high food concentration for the zooplankton both in terms of plant and microplankton biomass. Microscopically recognizable microplankton carbon was only a small fraction of the total particulate carbon (Median = 15 %, Range = 9.9 to 27 %) although a greater contribution was suggested when the concentration of chlorophyll a was used to estimate plant carbon (Median = 52 O,O, Range = 16 to 83 %; plant carbon/chlorophyll = 75, wt: wt, as suggested by Eppley et al. 1977, their Table 2 ).
Particle size is another criterion to test for differences in types of food available to the grazers in different parts of the water column. In general, the microplankton cells present d u r~n g the cruise were small; there was a virtual absence of cells larger than 60 pm equivalent spherical dameter (ESD, Fig. 8) .
Two different tests were conducted to determine whether the size spectra of microplankton cells differed between the chlorophylla maximum and the region above it (Table 2 ). In the first, taxa (< 20 pm ESD) were >4-7; 3, >7-10; 4, >10-13; 5, > 13-17; 6, >17-22; 7, >22-28; 8. >28-36; 9, > 3 6 4 6 ; 10, >46-58; 11, >58-74; 12, >75-93; 13. >93-117; 14, >117-146; 15, >146-184 assigned to bins, 50 pm3 in size, based on cell volume (i.e. bin # l = 0.1 to 50 L~m 3 , bin *2 = 50.1 to 100 pm3, etc.). For each sample, the fraction of microplankton carbon contained within each bin was calculated and then compared between samples. For the second test, taxa from the entire size spectrum (0 to 106 pm ESD) were assigned to bins 1000 pm3 in size. Assignment by total volume neglects differences in cell shape, as cells with the same volume may have very different linear dimensions. There were no consistent differences in the size spectrum of microplankton between samples from the same pump cast (Table2). Thus there was insufficient evidence to conclude that the size spectra of microplankton carbon differed systematically between the chlorophyll a maximum and the region above it. In general, the phytoplankton assemblage present during our cruise was unusual for this region; it consisted of small cells and lacked an easily identifiable, single dominant specles. Thus for our analysis it was necessary to use broader groups of taxa (e.g. unidentified pennate diatoms, unidentified discoid diatoms, unidentified thecate dinoflagellates) separated into size categories (Table 3) .
Microplankton carbon is packaged in many different sizes and shapes which loosely correspond to species or species groups. To determine if the distribution of different food types (the menu, as it were) was heterogeneous within the water column, we compared the similarity between the microplankton species assemblages at the chlorophyll a maximum and the region above it where food was less plentiful.
The similarity between samples was calculated sFparately for numerical abundance and biomass of cells using the Percent Similarity Index (PSI, Whittaker 1952). Only those taxa which were relatively common were used. The samples were ordered (clustered) according to their similarity using the weighted pairgroup algorithm of Sokal & Sneath (1963) . The PSI of numerical abundance (but not biomass) separated the samp1.e~ into recognizable groups (Fig. 9) . Group 1 was comprised of 7 samples, all from above the chlorophyll a maximum, save one: #1?34. Group I1 was comprised of 5 samples, all from within the chlorophylla maximum, except one: #l???. Group 111, whose average similarity was less than the other groups, was To test for differences in a more rigorous way, the average PSI for samples within and above the chlorophylla maximum were compared (Table 4) . Samples from different profiles which came from above the chlorophyll a maximum were more similar in species composition than those from within the maximum. The similarity of samples from above the chlorophyll a maximum was also greater than the average similarity of samples from both regions. Thus the phytoplankton assemblage above the region of elevated microplankton biomass was an identifiable entity. No such differences were evident when the similarity of samples from different regions was calculated using plant biomass (carbon) instead of numerical abundance.
To this point, it appears that the chlorophylla maximum we sampled was also a maximum of particulate carbon and nitrogen, and was distinguishable from shallower waters by floral composition but not by particle size. The nutritional content of phytoplankton cells is known to vary as a function of light and nutrient availability. Our question was, does the nutritional content of the seston (phytoplankton, bacteria, detritus) vary with depth in a predictable manner, as does the distribution of light (decreasing with depth) and nutrients (increasing with depth)?
The particulate seston differed in protein and carbohydrate content between the surface and the chlorophyll a maximum but in opposing directions; protein per unit carbon was higher at the microplankton biomass (chlorophyll a) maximum, while carbohydrate was higher at the surface (Tables, Sign Test, n = 9, p<0.02, for each). Total lipid was not enriched differOur goal was to examine the vertical distribution of entially between depths (Sign Test, p>0.16).
food items of particle-grazing zooplankton for differNitrogen enrichment of the seston at the chloroences in size, type, or nutritional content which might phyll a maximum was also apparent from the particuinfluence the vertical distribution and grazing rates of late carbon to nitrogen ratio (Sign Test, n = 9, p<0.02)
as expected from the protein/carbon pattern. However, the protein-nitrogen content of the seston (assuming that 15.5 % of the weight of protein is nitrogen) was not a constant fraction of the total partlculate nitrogen (Fig.  10) . Six of the 36 points form a distinct line similar in slope but different in intercept than the regression calculated for the other 30 points (Analysis of Covariance, p > 0.75 and p< 0.05 respectively). Five of these 6 samples are from the lower part of the euphotic zone ( 5 6 % light), and 4 of these 5 are from the chlorophyll a maximum. Table 5 . Chemical composition of particulate matter at 2 m (I) and at the chlorophyll a maximum (11) Cast Protein/Carbon Carbohydrate/Carbon Lipid/Carbon C: N  I  I1  I  I1  I  I1  I  I1 the zooplankters, and confer a n advantage in feeding at a particular depth. Our original intention was to compare the phytoplankton species assemblages and the biochemistry of the seston within the plant biomass (microplankton) and primary productivity maxima. However, we have settled on a less specific comparison: the plant biomass maximum versus a shallower depth of lower plant biomass but an equal or greater phytoplankton growth rate. This was done because: (1) it was not possible to determine the depth of the primary productivity maximum from a continuous profile, as can be done for chlorophyll fluorescence; (2) it is doubtful that the zooplankton can directly assess the growth rate of phytoplankton cells; (3) the majority of the production at the primary productivity maximum was due to cells too small (t 3 pm) for most particle-grazers (copepods, in particular) to use effectively (Bartram 1981 ).
DISCUSSION
Microplankton
Our list of 51 common taxa had little in common with lists of important taxa from other studies of the same region (Reid et al. 1978 , Cullen et al. 1982 , Goodman et al. 1984 . Beginning in late 1982 the California coastal waters experienced El Nirio; the water temperature rose and phytoplankton production was reduced. Chlorophyll a, measured at the end of the S10 pier, was consistently low from mid 1983 to March 1985 with no significant pulses of increased biomass. (J. McGowan pers. comm.). The concentration of chlorophylla measured at the S10 pier began to increase prior to our cruise and continued to do so for at least l wk after we returned. However, the absence of large phytoplankters seen in our samples is characteristic of the size spectrum of cells present during El Nirio.
None of the taxa common to these samples are known to be deleterious to or are unsuitable as food for particle-grazers (Huntley et al. 1986 ). In addition, very large spiny cells such as Chaetoceras spp., which may be relatively more difficult to handle and ingest (e.g. Parsons et al. 1967 , Conover & Mayzaud 1984 , were not important in our samples.
As expected, a large fraction of the microplankton carbon was contained in cells less than 20 pm ESD (Beers et al. 1980; Reid 1983, TableII, Set 10a & b) . However, the size spectra of microplankton were not predictably different between the plant biomass maximum and the region above it where plant biomass was lower and cell growth rates were often greater. Differences in size spectra have been reported between the subsurface chlorophylla maximum and the surface (Reid 1983, Set 10a & b) and between the deep chlorophyll maximum and the mixed layer (Revelante & Gilmartin 1973 , Gieskes & Kraay 1986 . However, it has also been observed locally that the fraction of chlorophyll contained in large particles ( 2 5 @m) did not vary as a fraction of plant biomass (i.e. that the size spectrum of chlorophyll-containing cells within the maximum was not different from that outside this feature (Mullin & Brooks 1976 , Mullin 1979 . In the present study, using size as the criterion, the food available to grazers at the plant biomass maximum was not different from that nearer the surface.
Differences in the specific packaging of the particulate carbon may also contribute to differences in taste or desirability of the cells to the grazers, and differences between microplankton taxa within the subsurface chlorophyll maximum and those at the surface have been observed in the Southern California Bight (Reid et al. 1978 , Beers et al. 1980 , Cullen et al. 1982 . In the oligotrophic oceans, where the deep chlorophyll maximum (DCM) is usually a symptom of shade-adaption and is not a plant biomass maximum, different species assemblages exist in the mixed layer and the deep chlorophyll maximum (Revelante & Gilrnartin 1973 , Venrick et al. 1973 , Beers et al. 1982 , Furuya & Marumo 1983 , Gieskes & Kraay 1986 ). However, closely spaced samples have indicated that the transition zone between the 2 assemblages is located either on the upper shoulder, or directly within the DCM (Gieskes & Kraay 1986 , Venrick 1982 .
During this study, the microplankton assemblage (based on cell abundance) in the surface waters was distinct from, and more coherent than, that at the plant biomass maximum. This was not true when microplankton biomass was considered. These results are contrary to those of Cullen et al. (1982) who found a distinct and more coherent assemblage in the subsurface chlorophyll maximum than at the surface, based on both abundance and biomass. At that time, however, Ceratium tripos dominated a multispecies dinoflagellate patch in the subsurface chlorophyll maximum . Thus during 'Eumenides III', the relative composition of the food items available to particle-grazers was more constant near the surface than at the p!ant biomass maximum.
Biochemical components
Phytoplankters are protein-producing cells which manufacture carbohydrates and/or lipids as storage products. When illuminated with strong light and deprived of nitrogenous nutrients for a sufficiently long period, as in stratified waters after a spring bloom, protein production declines and the production of storage products increases (Morris 1981) . The effects of short-term nitrogen deprivation on protein production is less clear. The frachon of carbon incorporated into protein may increase with depth (Li & Platt 1982 , Barlow 1984a cf. Harding et al. 1985) or decreasing light (Hitchcock et al. 1986; cf. Redalje & Laws 1983) . Further, the metabolism of different species may react differently to the same environmental changes (e.g. Li & Platt 1982 , Dortch et al. 1984 , Harding et al. 1985 , Rivkin 1985 cf. Moms 1981) . In contrast to carbohydrate and lipid, protein production is more constant during the photocycle; protein is synthesized day and night at the expense of storage products synthesized during the day (e.g. Morris & Skea 1978 , Hitchcock 1980 , Li & Harrison 1982 , Terry et al. 1983 , Barlow 1984b , Cuhel et al. 1984 , Harding et al. 1985 , Rivkin 1985 .
In this study, we measured the absolute concentration of the 3 major biochemical components (carbohydrate, protein, lipid) rather than their relative rates of production. That is, we were more interested in the present, than future, nutritional content of the seston. Less is known about the vertical distribution of the nutritional content of cells than about the rate of macromolecule production (but see Handa & Tominaga 1969) . We found that the vertical distributions of carbohydrate per unit carbon and nitrogen per unit carbon had opposite trends; the former decreased with depth while the latter increased. Protein enrichment of particulate carbon resulted in greater nitrogen to carbon ratios at depth than at the surface (cf. Dortch 1987) .
Our data are an average of all ratios for the individual particles retained by the filters we used. However, filters are less selective the grazers might be, thus not all particles that contributed to our measurements were available to the grazers as food. Bacteria which have lower C : N ratios (4 to 5) than phytoplankton and are often most abundant in the chlorophyll a maximum (Fuhrman et al. 1980) are not retained efficiently by the filters we used (Azam & Hodson 1977) . Thus the lower C : N and h g h e r protein : C ratios observed within the chlorophyll maximum were probably not the result of free-living bacteria which are unavailable to most ZOOplankton (copepods) as food.
Zooplankton feeding and nutrition
In the laboratory copepods have been observed to clear water of large particles at a faster rate than smaller particles (e.g. Mullin 1963 , Frost 1972 , 1977 . Large particles are detected and captured singularly, whereas particles below a certain size threshold are passively filtered (Price & Paffenhofer 1985) . However, this behavior often cannot be demonstrated in nature (Poulet 1978 , Harris 1982 . Particles below about 2 km are ineffectively removed from the water by small, adult copepods (Bartram 1981) . Particles which are large enough to be captured may be ignored or rejected after capture, based on taste or a water-soluble, noxious, secondary metabolite (Fiedler 1982 , Huntley 1982 , Huntley et al. 1986 , Sykes & Huntley 1987 . During 'Eumenides 111' , we were unable to demonstrate that either cell size or the presence of noxious species provided a reason for copepods to prefer the surface layers over the microplankton biomass maximum or vice-versa.
Zooplankton, as heterotrophs, must obtain their nitrogenous precursors for protein synthesis from their diet. Although the specific nitrogen requirements of marine invertebrates are poorly understood (Roman 1983) , individual growth and reproduction of zooplankton are limited when dietary nitrogen is insufficient (e.g. Checkley 1980 , Roman 1984 . However, growth and reproduction are not simple monotonically increasing functions of the nitrogen content of the food. The maximum gross growth efficiency (KI, growthhngestion) of a marine rotifer in culture was achieved with a ('balanced') diet containing roughly equal proportions of carbohydrate, protein and lipid (i.e. 1/3, 1/3, 1/3 by weight; Scott 1980) . During 'Eumenides III', no one depth could be identified as containing a balanced diet -one where the 3 macromolecule components were in roughly equal proportions. The particulate protein and carbohydrate concentrations were always much larger (and more similar) than the concentration of particulate lipid. The enrichment of protein and carbohydrate per unit carbon tended in opposite directions with depth. An indiscriminate particle-grazer would have ingested more dietary protein per unit carbon at the microplankton biomass maximum and more carbohydrate per unit carbon at the surface.
Copepods have been observed in the laboratory to ingest faster growing cells at higher rates than their slower growing conspecifics (Mullin 1963 , Houde & Roman 1987 , Cowles et al. 1988 ). In 2 of the studies, a major difference between the cells was the greater protein content of the faster growing cells, and Cowles et al. (1988) hypothesized that the higher protein and free amino acid concentration of these cells (and cell exudate) resulted in a different near-field perception of the cells by grazers. During 'Eumenides III', phytoplankton growth rate and particulate nitrogen (and particulate protein) increased in opposing directions; phytoplankton growth rates were usually greatest above the plant biomass maximum, while nitrogen per unit carbon was greatest within the plant biomass maximum.
Finally, the concentrations of both particulate carbon and nitrogen were greatest at the plant biomass maximum. Thus we found no clear evidence contradicting the simple hypothesis that the plant biomass maximum is a good place to feed, though less predictable in floral composition than shallower layers.
